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4.0 INTRODUCTION 
 
Oxygen is one of the keys parameters required for tissues 
metabolism to ensure life sustainability. Without it, human’s health 
would suffer and eventually result in fatal. Cells consume oxygen to 
break down sugar to produce adenosine triphosphate (ATP) during 
cellular respiration [1]. ATPs are the main source of energy for metabolic 
functions [2] and every cell in the body, especially muscles cell, for its 
ability to store and use energy; muscle would not contract or relax 
without ATP. Cell is not able to function well under the condition of low 
oxygen level, thus it would lead to hypoxemia. If left untreated, severe 
hypoxemia can be fatal [3].  
A normal pulsatile arterial oxygen saturation level is in between 
95 % to 100 % [4]. Factors such as thin air condition, blood oxygen 
transportation malfunction and airway obstruction may lead to low 
oxygen saturation in body or a specific part of the body system. 
Saturation of oxygen in human body may be used as an indicator to 
general human health. Therefore, devices able to provide comprehensive 
information of tissue oxygen level are highly sought after. This 
information is useful especially to aid in the medical decision. 
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4.1 OVERVIEW OF DEVICE AVAILABLE IN THE 
MARKET 
 
The following discuss devices that are available in the market. These 
topics and technologies are useful as reference to enhance the features 
and performance of the developed product. 
 
4.1.1 Pulse oximeter 
 
A pulse oximetry system consists of a sensor used to attach to 
the extremities of a patient, a monitor, and a cable connecting the sensor 
and monitor. This system is the ‘gold standard’ used in clinical settings 
for the measurement of arterial blood oxygen saturation. The 
conventional application of the sensor is on a patient's finger or toe, or a 
very young patient's foot. 
 A pulse oximetry sensor typically used both red and infrared 
(IR) light-emitting diode (LED) emitters and a photodiode detector. For 
application on a finger, the sensor is configured so that the emitters 
project light through the fingernail and into the blood vessels and 
capillaries underneath. The photodiode is positioned at the opposite to 
detect the LED transmitted light as it emerges from the finger tissues [5]. 
The pulse oximetry determines oxygen saturation by computing the 
differential absorption by arterial blood of the two wavelengths emitted 
by the sensor. The pulse oximeter alternately activates the sensor LED 
emitters and reads the resulting current generated by the photodiode 
detector. This current is proportional to the intensity of the detected light. 
The pulse oximeter calculates a ratio of detected red and infrared 
intensities, and an arterial oxygen saturation value is empirically 
determined based on the ratio obtained [5]. 
 
4.1.2 Arterial Blood Gas Analyzer (ABG) 
 
The use of a ABG required the drawing of a small amount of 
blood samples in its measurement. Using this device, the concentrations 
of lactate, partial pressures of arterial oxygen (PaO2) and carbon dioxide 
(PaCO2), haemoglobin and pH can be measured. But further calculation 
is required in the prediction of base excess, arterial oxygen saturation 
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(SaO2), bicarbonate concentration and alveolar-arterial oxygen 
difference [6]. 
4.1.3 Co-oximeter 
 
Co-oximeter is a device that uses spectrophotometry to measure 
relative blood concentrations of oxyhemoglobin, carboxyhemoglobin, 
methemoglobin and reduced hemoglobin. This device distinguished 
oxyhemoglobin via the difference in the absorption of light which 
passing through blood and determine the saturation of oxyhemoglobin 
[7]. 
 
4.1.4 Polarographic 
 
The polarographic probe is an oxygen monitor that used a Clark 
oxygen electrode. It is a realtime data acquisition system and consists of 
a flatbed strip chart recorder as a recording device. The oxygen would 
cause the electrode to send a current to the oxygen monitor, which 
amplifies current and converts it to a voltage output that is directly 
proportional to the concentration of oxygen in the chamber. The recorder 
moves at a constant speed with a paper chart. As a result, the recorder 
pen moves in response to voltage changes while the oxygen content is 
recorded at the same time [8]. 
A comparison in the features of the above discussed devices is shown in 
Table 4.1.  
 
Table 4.1: Comparison of the market available devices 
System Pulse 
Oximeter 
Arterial 
Blood 
Gas 
Analyser 
 
Co-
oximeter 
Polarographic 
probe 
Approach Non-
invasive 
Invasive Non-
invasive 
Invasive 
2D image NO NO NO NO 
Unlimited 
access to 
skin area 
NO NO NO NO 
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Real time 
data 
YES NO YES YES 
Low cost NO NO NO NO 
 
4.2 Review on previous research works 
 
4.2.1 Non-contact estimation of heart rate and oxygen saturation 
using ambient light  
 
This project used a robust method for automated computation 
of heart rate (HR) from digital color video recordings of human face. The 
experiment involved two healthy volunteers and seven patients in 
pediatric intensive care units (PICU) with webcam 
Photoplethysmography (PPG). The relation between haemoglobin levels 
of the PICU patients and estimation errors of heart rate was used to 
investigate the feasibility of the proposed method for clinical 
applications [9]. 
 
4.2.2 Non-invasive Blood Oxygen Saturation Monitoring for 
Neonates Using Reflectance Pulse Oximeter  
 
In this study, the design of a wearable wireless blood saturation 
monitoring system has been proposed. This work used the same method 
as that used by pulse oximeter and is based on Near Infrared 
Spectroscopy (NIRS) techniques with an enhancing flexibility of 
measurements at different locations on the body of the neonates. This 
system also has the compatibility to be integrated into a non-invasive 
monitoring platform [10]. 
 
4.2.3 Optimum wavelength combinations for retinal vessel 
oximetry  
 
This study recommended three wavelength combinations of 
488,635, and 905 as the optimum wavelengths for retinal oximetry 
measurements. It was shown that this combination provides an excellent 
oxygen sensitivity across a board range of typical vessel diameters and 
saturations [11]. 
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4.2.4 Polarized optical system for noncontact imaging of 
epidermal microcirculation activities  
 
This work used the acquired image to exact for the red, green 
and blue colour data. The study performed co-circular and cross-linear 
polarization experiments on the hand palm of thirteen Asian volunteers 
at resting and during arterial blood occlusion condition for the 
demonstration work. These co-circular and cross-linear polarized images 
were mathematically subtracted to remove the deeper backscattered 
lights. The resultant images were then processed using algorithm written 
in MATLAB to calculate changes in the ratio of the colour information 
of the polarization maintaining images, βGB, with different experiment 
condition [12]. It was mentioned that light absorption of hemoglobin 
components in red wavelength, in the range of 600nm to 700nm, is 
relatively low as shown in Figure 4.1. Meanwhile the absorption is in the 
blue wavelength range between 400nm to 500nm and green light range 
of 500nm to 600nm showed large variability. Therefore, this work 
processed and obtained only the blue and green information of the 
images. The differences in the ratio of the square of green plane to the 
blue plane of the image, βGB were calculated and investigated for the 
employed at rest and arterial blood occlusion experiments. 
 
Figure 4.1: Molar extinction coefficient of oxyhemoglobin (HbO2) and 
deoxyhemoglobin (Hb) 
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4.3 RESEARCH METHODOLOGY 
 
The main purpose of this project is to develop an oxygen 
saturation monitoring system with unlimited body access, user friendly, 
and a non-invasive device. This project used Arduino Nano as a 
microcontroller to provide online and real-time data acquisition. The 
microcontroller stored data into a memory card and displayed the result 
via MATLAB platform. Following that, the image was uploaded to blob 
storage through the Azure website. A complete description of these steps 
is shown in Figure 4.2. 
 
 
Figure 4.2: System block diagram 
 
In this study, the developed system used lights of wide visible 
wavelength ranges (white LED) for illumination of the selected skin. 
Light reflected from the selected skin region was detected by a 
Complementary Metal Oxide Semiconductor (CMOS) imager located 
non-contact from the skin surface. The signals detected by the imager 
were sent via a controller to a computer for online processing using 
MATLAB software. The processed image was displayed on a monitor in 
real time. This application is not limited to a certain body part and do not 
required a clamp or probe. The image of the selected skin region was 
uploaded in Azure website for storing and future access. For the 
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demonstration purposes, experiments were conducted on palm of the 
hand, posterior forearm (back of hand) and face regions of ten recruits. 
These experiments were carried out on the recruits during at rest and 
arterial blood occlusion conditions (application of branchial pressure of 
130 mmHg for 1 minute). 
  
4.4 RESULT AND DISCUSSION 
 
Figure 4.3 and 4.4 show the mean and standard deviation (SD) 
of the ratio of red and green information, 𝜷𝜷𝑹𝑹𝑮𝑮, calculated for palm and 
back of the hand region of each volunteer, respectively.  
The overall average of mean and SD of 𝜷𝜷𝑹𝑹𝑮𝑮 for palm region is 
calculated as 1.3102 ± 0.0196 and 1.0861 ± 0.0262 during at rest and 
under arterial occlusion, respectively. These mean and standard 
deviation values can be associated with the typical mean skin oxygen of 
80 - 90 % and 30-45 % as reported [14]. Meanwhile for the measurement 
on the posterior hand region, the value is calculated as 1.2394 ± 0.0812 
and 0.9883 ± 0.0586, respectively, for the considered experiment 
conditions.   
It was found from these results that the readings obtained during 
the volunteers at rest is higher than that during occlusion state. While 
blue and green data yield not much different under both conditions, the 
biggest difference observed was in red information. The reason is 
because during the occlusion, absorption coefficient of the 
deoxyhemoglobin is higher. This leads to an increase in the light 
attenuation and a decrease in the light reflectance (detected light intensity 
decreases). This work noticed a large difference in the 𝜷𝜷𝑹𝑹𝑮𝑮 following 
changes in the local microcirculation in between the palm, and back of 
the hand. The largest difference was observed at the palm compared to 
the back of the hand. The reason of this is because the palm of the hand 
has the lowest concentration of melanin. 
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Figure 4.3: The mean and standard deviation (SD) of 𝜷𝜷𝑹𝑹𝑮𝑮 predicted for 
palm region of each subject under different experiment conditions 
 
Figure 4.4: The mean and standard deviation (SD) of 𝜷𝜷𝑹𝑹𝑮𝑮 predicted for 
back of the hand region of each subject under different experiment 
conditions 
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4.5 AZURE PLATFORM 
 
After examination, the image of skin was saved in a folder and 
users can upload the image to blob storage shown in Figure 4.5 using a 
simple step click on the website [16-18] for future access of the data by 
either users themselves or medical professionals as shown in Figure 4.6. 
 
 
Figure 4.5: Blob storage 
 
 
Figure 4.6: Image location 
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4.6 CONCLUSION  
 
This study has concluded that the developed system suitably 
used for non-invasive assessment of skin oxygen saturation on unlimited 
skin region. Besides, this system provides a communicate platform 
between patients and medical professionals via azure website. 
Furthermore, this system acts as a tele-monitoring device for medical 
professionals to monitor the condition of patients, hence improves the 
healthcare services provided to those living in rural areas. 
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